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FISH, WILDLIFE, AND ESTUARIES 


Dieldrin and Heptachlor Residues in Dead Gray Bats, 
Franklin County, Missouri—1976 Versus 1977 


Donald R. Clark, Jr.," Richard K. LaVal,’ and Alexander J. Krynitsky’ 


ABSTRACT 


Lethal dieldrin concentrations were found in the brains of 
dead gray bats (Myotis grisescens) collected during 1976 
and 1977 beneath a maternity roost in a Missouri cave. In 
addition, residues of heptachlor epoxide, oxychlordane, cis- 
chlordane, and trans-nonachlor increased significantly in 
both brains and carcasses of bats collected during 1977. 
These increases appear to reflect a switch by local farmers 
from aldrin, dieldrin’s parent compound, to heptachlor for 
the control of cutworms. They also constitute an additional 
threat to this colony of this endangered bat species. 


Introduction 


Lethal concentrations of dieldrin were found in brains 
of gray bats (Myotis grisescens) found dead beneath 
maternity roosts in two Missouri caves in late June 
and early July 1976 (2). The apparent source of the 
dieldrin was its parent compound, aldrin, which had 
been applied to cornfields to control cutworms (larvae 
of several moth species of the family Noctuidae). Hepta- 
chlor and toxaphene are being recommended as sub- 
stitutes for aldrin in Missouri (3). On July 8, 1977, 
LaVal found 74 dead gray bats when one of the two 
colonies was revisited; the other colony was not re- 
visited at this time. In the present study, authors com- 
pare the organochlorine residues found in the 1977 sam- 
ple of dead bats with those found in the 1976 sample 
from the same cave. 


Materials and Methods 


The cave is located in Franklin County, Missouri. Be- 
cause its precise location is confidential, it will be 
referred to by its number, 048, assigned by the Fish 
and Wildlife Service, U.S. Department of the Interior. 
1 Fish and Wildlife Service, U.S. Department of the Interior, Patuxent 
Wildlife Research Center, Laurel, Md. 20811. 


2 Missouri Department of Conservation, Fish and Wildlife Research 
Center, Columbia, Mo. 65201. 
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A brief description of cave 048 has been published (2). 
All gray bats found dead in 1976 were juveniles. The 
1977 sample contained 23 juveniles and 51 adults; of 
these, four juveniles and four adults showed no signs 
of decomposition and, therefore, were analyzed. Bats 
were recovered under authority of the Federal En- 
dangered Species Permit PRT-—8-31-C. 


By the same procedures as used in 1976, the dead bats 
collected in 1977 were frozen, shipped to the Patuxent 
Wildlife Research Center, and dissected into brain and 
carcass components as described previously (7). Each 
brain and carcass was analyzed for p,p’-DDT, p,p’- 
TDE, p,p’-DDE, dieldrin, heptachlor epoxide, oxychlor- 
dane, cis-chlordane, trans-nonachlor, endrin, hexa- 
chlorobenzene (HCB), toxaphene, mirex, and poly- 
chlorinated biphenyls (PCB). The recovered PCB re- 
sembled Aroclor 1260. Hexane extracts of samples were 
cleaned by Florisil column chromatography, and the 
eluate containing the pesticides and PCBs was fraction- 
ated by SilicAr column chromatography (4). Four frac- 
tions were collected to facilitate partitioning of endrin 
and dieldrin in a separate fraction. Analyses were per- 
formed on a Hewlett-Packard Model 5753 gas-liquid 
chromatograph as described by Prouty et al. (5). 


Residues in 15 percent of the samples were confirmed 
by gas chromatography-mass spectrometry. Average per- 
centage recoveries from spiked bald eagle (Haliaeetus 
leucocephalus) tissues were: DDE, 107; TDE, 100; 
DDT, 107; dieldrin, 100; heptachlor epoxide, 93; oxy- 
chlordane, 91; cis-chlordane, 100; trans-nonachlor, 100; 
endrin, 85; HCB, 78; mirex, 66; and PCB, 120 percent. 
Residue data were not adjusted on the basis of these re- 
coveries. 


Lipid levels were determined from weights of dried 
hexane extracts of carcasses (4). The lower limit of 
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sensitivity for residues in carcasses was 0.1 ppm pesti- 
cides and 0.5 ppm PCB; in brains, it was 0.5 ppm pesti- 
cides and 2.5 ppm PCB. Additional details of the ana- 
lytical procedure are given by Clark et al. (2). 


Geometric means are given for residues because the data 
were positively skewed. Residue levels reported as not 
detected (ND) were entered as zeros. Significance levels 
are: one asterisk, 0.05>P>0.01; two asterisks, 0.01> 
P>0.001; and three asterisks, P<0.001. For compounds 
which were not detected in the majority of samples for 
either year, comparisons between years (Table 1) were 
based on frequencies of occurrence rather than mean 
concentrations. 


Dieldrin levels in the brains of all eight bats in the 1977 
sample were within the lethal range as identified previ- 
ously (2). However, among the 12 bats collected during 
1976, the brains or carcasses of only ten contained lethal 
dieldrin levels, and dieldrin levels in the brains of two 
of the ten were undetermined because of laboratory 
errors (2). Therefore, the present study compares all 
1977 dieldrin levels in eight brains and carcasses with 
just the 1976 lethal dieldrin levels found in eight brains 
and 10 carcasses. 


TABLE. 1. 


Results 


RESIDUES VERSUS LIPIDS IN CARCASSES 

Initial examination of the residue and lipid data for car- 
casses indicated that the residue levels of most com- 
pounds were positively related to the amount of fat in 
the bat. To quantify the relationships, regressions were 
calculated between ppm wet weight (fresh weight) of 
residue and percentage fat in the carcass for the eight 
compounds found in the majority of samples. Results 
for dieldrin (1976, r = 0.858**; 1977, r = 0.953***) 
and heptachlor epoxide (1976, r = 0.788**; 1977, r= 
0.924**) are illustrated in Figure 1. Among the six 
other compounds, only trans-nonachlor had significant 
regressions for both years (1976, r = 0.645*; 1977, r = 
0.744*). Four compounds showed a significant regres- 
sion only for 1977: cis-nonachlor (r = 0.773*); oxy- 
chlordane (r = 0.799*); cis-chlordane (r = 0.724*); 
and DDE (r = 0.729*). PCB showed no significant re- 
lationship for either year. 


To account for this variation due to fat level, authors 
expressed residues as ppm lipid weight rather than as 
ppm wet weight (Table 1). Organochlorine residues in 
brains are unaffected by this problem, and are compared 
as ppm wet weight (Table 1). 


Organochlorine residues and fat levels in gray bats found dead in cave 048, 


Franklin County, Missouri, in 1976 and 1977° 





BRAINS, PPM WET WEIGHT 


CARCASSES, PPM LIPID WEIGHT 





COMPOUND 1977 





tor x? 1976 1977 t or x? 





Dieldrin 
Geometric mean 8.6 
Range 4.6-13 

Heptachlor epoxide 
Geometric mean 2.4 
Range 0.85-3.7 

Oxychlordane 
Frequency or geometric mean 5 of 8 
Range ND-2.3 

cis-Nonachlor 
Frequency or geometric mean 5 of 8 
Range ND-1.0 

trans-Nonachlor 
Frequency or geometric mean 
Range 

cis-Nonachlor 
Geometric mean 
Range 

K_ chlordane 
Frequency 
Range 

PCB (Aroclor 1260) 

Frequency or geometric mean 
Range 

DDE 
Frequency or geometric mean 
Range 

DDT 
Geometric mean 
Range 

% Fat 
Mean ine 
Range sai 


0.909 650 867 1.596 
239-1050 560-1182 


4.759*** 59 257 
36-86 204-375 


a3. 225°°*? 


4.432* 31 68 
16-70 21-167 


3.577*%* 


6.706** 36 63 
15-70 42-108 


2.605* 


16.154* ** 7.6 159 4.901*** 
ND-45 91-252 
1.5 24 
ND-11 14-38 


0 of 12 Tof8 
ND ND-25 


15.772°¢* 


163 295 2.077 
71-425 86-1000 


38 44 
13-80 6.4-160 


0.41 2.2 1.644 
ND-9.1 ND-19 


6.38 3.92 2.010 
2.21-10.83 0.96-7.88 





NOTE: ND = not detected. Significance levels are indicated as follows: * =0.05>P> 0.0i; ** = 0.01 > P > 0.001; and *** = P < 0.001. 
‘Twelve bats were analyzed in 1976 but, for dieldrin, only the eight brains containing lethal levels and the 10 carcasses containing lethal levels 
are compared. For all other compounds, n = 12 bats. For 1977, n = 8 bats. 
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FIGURE 1. Dieldrin and heptachlor epoxide in carcasses 
of gray bats in relation to lipid levels: 1976 versus 1977 


Lipid levels averaged higher in 1976, but the difference 
was not significant (Table 1). 


RESIDUE CHANGES BETWEEN 1976 AND 1977 

Between 1976 and 1977, heptachlor epoxide, oxychlor- 
dane, cis-chlordane, and trans-nonachlor increased sig- 
nificantly in mean concentration or frequency of occur- 
rence in both brains and carcasses; cis-nonachlor and K 
chlordane increased significantly in carcasses; and PCB 
occurred significantly more often in brains of 1977 bats 
than in brains of 1976 bats (Table 1). 


Results of covariance analyses for heptachlor epoxide 
(Fig. 1) and trans-nonachlor were similar; 1976 and 
1977 regressions differed significantly in both slope and 
elevation (heptachlor epoxide, slope F = 38.63***, 
elevation F = 27.83***; trans-nonachlor, slope F = 
6.61*, elevation F = 41.25***). However, there were 
no such differences for dieldrin (Fig. 1). Plots for oxy- 
chlordane and cis-nonachlor showed relationships be- 
tween 1976 and 1977 that resembled the one for hepta- 
chlor epoxide (Fig. 1). However, statistical comparisons 
between years were not possible because the 1976 re- 
gressions for oxychlordane and cis-nonachlor were not 
statistically significant. 


Discussion 


The data in Table 1 and Figure 1 suggest that heptachlor 
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is being substituted for aldrin over the feeding area of 
the gray bats from this colony, because heptachlor epox- 
ide, oxychlordane, cis-chlordane, trans-nonachlor, cis- 
nonachlor, and K chlordane are either present in or de- 
grade from commercial heptachlor. Similarly, the resi- 
dues could result from the use of commercial chlordane; 
authors assume heptachlor was used because Missouri 
Farm Management Specialists are recommending it as a 
substitute for aldrin (3). Two factors indicate local 
usage. First, other analytical data from this laboratory 
show residues of heptachlor epoxide, cis-chlordane, and 
dieldrin in the insect prey of these bats at known feed- 
ing localities adjacent to crop fields. Second, the cave 
where the bats spend the winter is in Shannon County, 
Missouri, which is approximately 75 percent forested 
and has almost no row crop agriculture. 


The data in Table 1 and Figure 1 also indicate that diel- 
drin levels have not declined. Authors cannot explain 
the apparent increase in PCB levels. 


In cowbirds (Molothrius ater), red-winged blackbirds 
(Agelaius phoeniceus), grackles (Quiscalus quiscula), 
and starlings (Sturnus vulgaris) that were fed commer- 
cial chlordane, brain levels of heptachlor epoxide and 
oxychlordane appeared to be the primary cause of death 
(6). Heptachlor epoxide residues in brains of birds that 
died after chlordane dosage ranged from 3.4 to 8.3 ppm 


whereas residues in brains of survivors ranged from 0.87 
to 3.2 ppm (6). Among the 1977 bats (Table 1), only 
One contained heptachlor epoxide residues (3.7 ppm) 
that reached or exceeded 3.4 ppm. Oxychlordane resi- 
dues in brains of birds that died after chlordane dosage 
ranged from 1.1 to 5.0 ppm, and residues in brains of 
survivors ranged from 0.18 to 1.7 ppm. (6). Among the 
1977 bats (Table 1), one contained 2.3 ppm oxychlor- 
dane but all others had 0.76 ppm or less. In sum, au- 
thors doubt that heptachlor residues contributed to the 
deaths of these 1977 bats because heptachlor concentra- 
tions were generally below lethal levels, whereas 1977 
dieldrin levels in brains were lethal. However, if the 
heptachlor residues continue to increase, they could 
contribute to deaths in future years. Authors believe that 
these insecticides are a major threat to the continued 
existence of this maternity colony. 
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Residues of Polychlorinated Biphenyls and DDT in Water and 
Sediment of the Indian River Lagoon, Florida—1977-78' 


Tsen C. Wang, Robert S. Johnson,’ and Joe L. Bricker 


ABSTRACT 


Water and sediment samples collected during 1977-78 from 
the Indian River lagoon between Vero Beach, Indian River 
County, and Fort Pierce, Saint Lucie County, Florida, were 
analyzed for PCBs and DDT. Sample locations were chosen 
on the basis of proximity to major tributaries, sewage out- 
falls, or municipal areas. Concentrations in water samples 
were below 0.01 ppb =DDT and 0.5 ppb PCBs. Small 
amounts of PCBs and DDT were found in most sediment 
samples, ranging from <1.0 ppb to 0.63 ppm Aroclor 1254 
and from <0.1 ppb to 0.081 ppm =DDT. Samples from the 
Taylor Creek tributary and from the Fort Pierce power 
plant and municipal docking area contained higher PCB 
concentrations then did samples from other locations. DDT 
and PCB levels in most samples indicate little contamination 
by these compounds of the Indian River Waterway between 
Vero Beach and Fort Pierce. 


Introduction 


Polychlorinated biphenyls (PCBs) and ZDDT are 
ubiquitous environmental contaminants. Reports of 
widespread distribution of organochlorine pesticide resi- 
dues in the global ecosystem are increasing (3-5, 8, 9, 
11). However, little information is available in the litera- 
ture regarding organochlorine levels in the water and 
sediment of the Indian River lagoon. 


The Indian River is a lagoonal estuary situated along 
the east central coast of Florida. This estuary extends 
190 km, from Titusville, Brevard County, in the north 
to Saint Lucie Inlet, Martin County, in the south (Fig. 
1). Authors investigated the occurrence of organochlo- 
rines in the Indian River lagoon between Vero Beach, 
Indian River County, and Fort Pierce, Saint Lucie 
County (Fig. 2), during 1977 and early 1978. 


Methods and Materials 


Figure 2 indicates approximate locations of seven sam- 
pling stations which were chosen on the basis of prox- 
imity to major tributaries, sewage plant outfalls, or 
municipal areas. 

1 Harbor Branch Foundation, Inc., RR 1, Box 196, Fort Pierce, Fla. 


33450. Contribution No. 163. 
2 Present address: Varian Corporation, Boston, Mass. 
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FIGURE 1. Location of Indian River lagoon, Florida 


Surface water samples were collected at each station in 
a precleaned solvent bottle. The water samples were 
brought back to the authors’ laboratory and refrigerated 
at 4°C overnight. Samples were analyzed the day after 
collection. 


Each 3-liter water sample was drained at 250 ml/minute 
through a glass column containing 50 ml Amberlite 


XAD-2 resin (2). The column was eluted with 200 ml 
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FIGURE 2. 


Map of sampling stations, Indian River 
lagoon, Florida 


acetonitrile at full gravity flow, followed by 500 ml dis- 
tilled water. The combined solvent was then extracted 
twice with 50 ml hexane. The hexane extracts were 
cleaned on a Florisil microcolumn (6) and eluted with 
6.5 ml of 10 percent ethyl ether in hexane. The sample 
was concentrated to 1 ml before gas chromatographic 
analysis. 


The 100-g composited sediment samples were air dried 
for about two days at ambient temperature. The sample 
was then shaken in a wrist-action shaker for 2 hours 
with isopropyl alcohol followed by hexane to recover the 
isopropyl alcohol together with the desorbed material. 
The extract was washed with distilled water, dried 
through a Na.SO,-Celite column and concentrated to 
1 ml before cleanup (/0). The hexane extract was 
passed through a Florisil column and eluted with 100 ml 
of 10 percent methylene chloride in hexane. PCBs were 
separated from chlorinated pesticides on a silicic acid 
column (/). Activated copper was added to remove any 
sulfur from the sediment extracts before they were ap- 
plied to the silicic acid column. Residues in the sam- 
ples were further treated with potassium hydroxide for 
confirmation and sample cleanup (/2). The analytical 
scheme for sediment samples is shown in Figure 3. 
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Compounds were identified by gas-liquid chromato- 
graphic analysis and confirmed by thin-layer chroma- 
tography (7) when sample size and concentration were 
sufficient. Analyses were performed on a Perkin-Elmer 
Model 900 gas chromatograph with the following in- 
strument parameters and operating conditions: 


Detector: 83Ni 


Dual columns: 6 ft x 2 mm ID glass, packed with a mixture of 


1.5 percent OV-17 and 1.95 percent QF-1; and 
a mixture of 4 percent SE-30 and 6 percent OV- 
210 on 100-120-mesh Chromosorb Q 


Temperatures: column 185°C 


injector 205°C 
detector 220°C 


Carrier gas: 95 percent argon in methane flowing at 21 ml/ 


minute. 


The minimum detectable concentrations for Aroclor 
1254 and DDT residues were 0.5 ppb and 0.01 ppb in 


water and 1.0 ppb and 0.10 ppb in sediment samples, 
respectively. 


Recoveries 


Water and sediment samples were spiked with 20 ng 


PCB and 75 pg =DDT. Duplicate analyses produced the 
following recoveries: 





% RECOVERY 





COMPOUND WATER 


(+ SD, n = 5) 


SEDIMENT 
(+ SD, n = 4) 





Aroclor 1254 95 
o,p’-DDT 90 
p,p’-DDT 92 
p,p’-DDE 83 
p,p’-TDE 90 


92 
91 
91 
98 
106 


I+ Ht It It I+ 
I+ It Ht It I+ 


1 
* 





The results reported in this paper were not corrected for these 
recoveries. 


Results and Discussion 


After water and sediment samples were collected from 
the Indian River lagoon, duplicate residue analyses were 
performed. The arithmetic means of PCB and =DDT 
concentrations for each sample are presented in Table 1. 
Residues ranging from <1.0 ppb to 0.63 ppm Aroclor 
1254 and from <0.1 ppb to 0.081 ppm =DDT were de- 
tected in most sediment samples. However, PCB and 
=DDT residues were below detection limits in the water 
samples: less than 0.50 ppb Aroclor 1254 and 0.01 ppb 
=DDT. 


Table 1 illustrates the amounts of PCB and =DDT 
found in the sediment samples. Main Canal and South 
Canal in Indian River County are two major tributaries 
to the lagoon through which agricultural runoff occurs. 
The results show that samples from the Main Canal trib- 
utary area had slightly higher PCB and =DDT content 
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Sediment 
sample 


100g 


add 25 ml 
distilled water 


add 40 ml iso-propy] 
alcohol, “extraction", 
add 80 ml hexane 
“extraction” 


solvent 
layer 
separatory 
funnel 


add 100 ml 
distilled 
water 


sediment 
layer 


Repeat 
“extraction” 
twice 


discard 
sediment 





solvent 
layer 


discard —_— 
ater R 

wate "extraction" 
twice 


to be continued 


FIGURE 3. 


than did samples from the South Canal tributary. PCB 
and =DDT residue concentrations in the Main Canal 
samples ranged from not detectable to 210 ppb and 
from not detectable to 5.62 ppb, respectively. Residue 
concentrations in South Canal samples ranged from not 
detectable to 8.67 ppb PCBs and from not detectable to 
0.50 ppb =DDT. The frequency with which PCB and 
DDT appeared at both sampling sites was 60 percent. 
The Taylor Creek tributary in Saint Lucie County is an- 
other major source of agricultural runoff to the lagoon. 
Samples from Taylor Creek had the highest PCB resi- 
dues in the study area. Residues ranged from 20 to 570 
ppb Aroclor 1254 and from 0.96 to 19.9 ppb =DDT. 
Fort Pierce power plant and municipal docking area also 
had relatively high PCB and =DDT residues. Aroclor 
1254 ranged from 39 to 278 ppb and =DDT from 1.90 
to 81.0 ppb in the sediment samples. Both compounds 
were found in all samples from Taylor Creek and Fort 
Pierce municipal docking area. Samples from near the 
Vero Beach sewage outfall contained 1.0—-16.2 ppb 
Aroclor 1254 with 100 percent frequency occurrence; 
=DDT levels ranged from not detectable to 0.38 ppb in 
25 percent of samples. Residues in samples from near 
the Fort Pierce sewage outfall ranged from not detecta- 
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column packed with 1", 
NagSOq and 4", celite, 


6x2.0 cm 
i 


K-D evaporator 
concentrate to 1.0 m 


1 


florisil column 

15g + 1", NagSO, 

on top and bottom of 
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*Ist fraction **2nd fraction 


100 ml, 10% methylene 100 ml, methylene 
chloride in hexane chloride 
| K-D, evaporator | | K-D, evaporator : 
conc. to 1.0 ml conc. to 1.0 ml 
| add 0.19 activated | 
~ 


Silica gel column, 1.0g 
0.£ cm 


























*Ist **2nd 
fraction {fraction 
5 ml 1% acetonitrile 
+ 19% methylene 
hloride + 80% hexand 

















Analytical scheme for cleanup and extraction of organochlorines from sediment samples from the Indian 
River lagoon, Florida 


ble to 11.1 ppb Aroclor 1254 and from not detectable 
to 1.70 ppb =DDT. Of six samples analyzed, 83 percent 
contained both compounds. 


Conclusions 


Low concentrations of PCB and =DDT residues were 
found only in the sediment samples. Sediment samples 
collected from Taylor Creek tributary and Fort Pierce 
municipal docking area had higher PCB and =DDT resi- 
due levels than did other sample sites. The source of 
the compounds is not known. The data from this survey 
do not show any clear correlation between sampling site 
and sampling date. 
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TABLE 1. Polychlorinated biphenyls and =DDT residues in sediment of the Indian River 
lagoon between Vero Beach and Fort Pierce, Florida, 1977-78 





RESIDUES, PPB DRY WEIGHT 





SAMPLING AROCLOR 
SAMPLING SITE DaTE 1254 p.p’-DDE o,p’-TDE p,p’-TDE p.p’-DDT SDDT 





Main Canal tributary, Vero Beach 2-07-77 ND ND ND 
3-07-77 ND ND ND 
4-18-77 0.96 2.40 3.36 
1-11-78 ND 2.13 2.13 
4-12-78 


South Canal tributary, Vero Beach 2-07-77 
3-07-77 
4-18-77 
1-11-78 
4-12-78 


Sewage outfall, Vero Beach 2-07-77 
3-07-77 
4-18-77 
4-12-78 


Link Port, Fort Pierce 2-07-77 
3-07-77 
12-15-77 
1-11-78 
4-12-78 


Taylor Creek, Fort Pierce 2-07-77 
3-07-77 

4-18-77 

12-15-77 

1-11-78 


Sewage outfall, Fort Pierce 2-07-77 
3-07-77 
4-18-77 
12-05-77 
1-11-78 
4-12-78 


Fort Pierce power plant and 3-07-77 
municipal docking area 4-18-77 
12-15-77 
1-11-78 
4-12-78 





1OTE: ND = not detectable. 
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Organochlorine Pesticide, PCB, and PBB Residues and Necropsy 
Data for Bald Eagles from 29 States—1975—77' 


T. Earl Kaiser, William L. Reichel, Louis N. Locke,? Eugene Cromartie, 
Alexander J. Krynitsky, Thair G. Lamont, Bernard M. Mulhern, Richard M. Prouty, 
Charles J. Stafford, and Douglas M. Swineford 


ABSTRACT 


During 1975-77, 168 bald eagles (Haliaeetus leucocephalus ) 
found moribund or dead in 29 states were analyzed for 
organochlorine pesticides and polychlorinated biphenyls 
(PCBs); 32 specimens from 13 states were analyzed for poly- 
brominated biphenyls (PBBs). PCBs were present in 166 bald 
eagle carcasses and DDE was found in 165. TDE and diel- 
drin were identified in 137 samples, trans-nonachlor in 118, 
and oxychlordane in 90. Brains of five eagles contained pos- 
sible lethal levels of dieldrin, and two eagles possibly died 
of endrin poisoning. Nine eagle livers, analyzed because of 
suspected lead poisoning, contained high levels of lead. 
Twenty percent of the eagles died from shooting, the most 
common cause of death; this cause of death, however, has 


declined. 
Introduction 


This paper is the sixth in a series (/, 2, 5—7) evaluating 
pesticide residues and necropsy data on bald eagles 


(Haliaeetus leucocephalus), and it covers the years 
1975-77. 


Sampling and Necropsy 


One hundred sixty-eight moribund or dead bald eagles 
were collected in 29 states (Table 1). Sampling, 
shipping, and s‘orige procedures have been reported 
(2). Eagles found in the field were packed in Dry Ice 
and shipped air express to the Fish and Wildlife Service, 
U.S. Department of the Interior, National Wildlife 
Health Laboratory, Madison, Wisconsin, for necropsy 
(1). Following necropsy, the brain and the remaining 
carcass, except skin, feet, wings, liver, kidney, and gas- 
trointestinal tract, were packed in Dry Ice and shipped 
air express to the Patuxent Wildlife Research Center, 
Laurel, Maryland, for chemical residue analysis. 


Analytical Procedures 


Sample preparation, extraction, lipid removal, and chem- 


1 Fish and Wildlife Service, U.S. Department of the Interior, Patuxent 
Wildlife Research Center, Laurel, Md. 20811. 

2 Fish and Wildlife Service, U.S. Department of the Interior, National 
Wildlife Health Laboratory, Madison, Wisc. 53706. 
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ical separations have been reported (2). The procedure 
for eluting pesticides from the SilicAr column was modi- 
fied to isolate dieldrin and endrin in a discrete fraction 
from the following number of samples: 8 of 49 eagles 
collected in 1975, 13 of 50 collected in 1976, and 52 of 
69 collected in 1977. The modification involved collect- 
ing four fractions as follows: 


Fraction 1: 80 ml petroleum ether, contained HCB and mirex 


Fraction 2: 320 ml petroleum ether, contained PCBs, PBBs, and 
DDE 


Fraction 3: 275 ml of 15 percent methylene chloride in hexane con- 
tained the remaining organochlorine compounds except endrin and 
dieldrin 


Fraction 4: 200 ml mixture of 1 percent acetonitrile, 19 percent 
hexane, and 80 percent methylene chloride, contained endrin and 
dieldrin. 


TABLE 1. Distribution, by state and year of death, of bald 


eagles collected during 1975-77 





No. OF EaGLes COLLECTED 
STATE 





1975 1976 1977 





Alaska 3 5 5 
California 2 

Colorado 1 

Florida 7 2 

Georgia 
Idaho 

Illinois 
Indiana 

Iowa 

Kansas 
Maine 
Maryland 
Michigan 
Minnesota 
Missouri 
Nebraska 
New Mexico 
New York 
Ohio 
Oklahoma 
Pennsylvania 
South Carolina 
South Dakota 
Texas 

Utah 
Virginia 
Washington 
Wisconsin 
Wyoming 


CUAK NR WNeK 


Nee 


TOTAL 








Other compounds normally analyzed for were chlor- 
dane, DDT, heptachlor epoxide, nonachlor, oxychlor- 
dane, TDE, and toxaphene. Samples were analyzed on 
a Hewlett-Packard Model 5713 or 5840A gas-liquid 
chromatograph equipped with a Ni®* detector, automatic 
sampler, and digital processor. The first 21 samples re- 
ceived in 1975 were analyzed on column 1. The re- 
mainder of the 1975 samples and all !976 and 1977 
samples were analyzed on column 2 to effect a separa- 
tion of cis-chlordane and trans-nonachlor. Instrument 
parameters and operating conditions were: 


Columns: (1) 1.83 m xX 4mm ID, packed with a mixture of 


4 percent SE-30 and 6 percent QF-1 
(2) 1.83 m x 4mm ID, packed with a mixture of 
1.5 percent OV--17 and 1.95 percent QF-1 
Temperature: columns 196°C 
Carrier gas: 5 percent methane in argon, flowing at 60 ml/ 
minute 


Fraction 2, which was analyzed for PBBs, was gas 
chromatographed on a 3 percent OV—1 column at 245°C 
with a 100-ml/ minute flow rate. Under these conditions, 
the hexabromobiphenyl (HBBP) compound eluted after 
the PCBs. The pesticides were measured by digital in- 
tegration of peak areas; PCBs were estimated by com- 
paring iotal peak area with that of Aroclor 1254 or 
1260, depending on the gas chromatographic profile of 
the sample. PBB values were based on the HBBP peak. 
Toxaphene measurements were semiquantitative esti- 
mates made from two peak areas as previously described 
(6). 


Average percentage recoveries from spiked pheasant car- 
cass tissue were: DDE, 104; TDE, 92; DDT, 100; diel- 
drin, 89; heptachlor epoxide, 93; oxychlordane, 92; cis- 
chlordane, 92; trans-nonachlor, 91; endrin, 90; HCB, 80; 
mirex, 90; and Aroclor 1260, 90. Residue levels were 
not corrected for recovery. The lower limit of reportable 
residues was 0.05 ppm pesticides, 0.10 ppm PCBs, and 
0.02 ppm PBBs. 


Residues in 56 specimens, or 33 percent, were confirmed 
on an LKB 9000 or a Finnigan 4000 series gas chro- 
matograph/mass spectrometer (GC/MS). Operating 
parameters for the LKB have been described (/). The 
procedures followed with the Finnigan model were: 


Column: 1.83 m < 2mm ID, packed with a mixture of 1.9 


percent OV-17 and 1.95 percent QF-1 

Temperatures: column programmed at 

140°C to 225°C 
215°C 
235°C 
300°C 


2°C/minute from 
injector 
separator 
ion source 

Carrier gas: helium flowing at 30 ml/minute 


Results and Discussion 


Table 2 shows the results of the tissue analyses of the 
168 bald eagles. PCBs were present in 166 carcass sam- 
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ples, DDE in 165, and dieldrin in 137. Thirty-two of 
the 69 specimens collected during 1977 were examined 
for PBBs; low residue levels were detected in 11 spec- 
imens from Maine, Virginia, Florida, Missouri, Minne- 
sota, and Wisconsin. 


A comparison of residue data from year to year is diffi- 
cult because a systematic sampling procedure could not 
be considered and also because of the wide range of 
residue levels. However, median values for DDE, diel- 
drin, and PCBs in the carcasses collected during 1977 
were lower than in any previous year (/, 2, 5-7). Dur- 
ing 1972-77, the frequency of detection of residues in 
the brains of this species has steadily declined as fol- 
lows: DDE from 100 to 83 percent, dieldrin from 67 to 
46 percent, and PCBs from 92 to 84 percent. 


Five eagles may have died of dieldrin poisoning (Table 
3). Dieldrin levels in the brains ranged from 6.8 to 11.0 
ppm. A study of several series of experimental birds 
killed by dieldrin indicated that when death was primar- 
ily caused by the neurotoxic action of dieldrin, the lower 
end of the distribution curve fell at about 5 ppm (un- 
published data: W. H. Stickel (Patuxent Widlife Re- 
search Center, Laurel, Md.), November 27, 1978). The 
study concluded that death may be due to dieldrin poi- 
soning at the 5 ppm level but that the probability of 
dieldrin-caused mortality increases as the levels increase; 
at 9 ppm and above, the probability of dieldrin poison- 
ing is high. 


The 11-ppm reading of the present study was from an 
immature female collected in Wisconsin. The bird was 
weak, unable to fly, and died the next day. It had no 
subcutaneous or abdominal fat; the coronary fat was un- 
dergoing resorption and the pectoral muscles were re- 
duced. Bacteriological and virological tests were nega- 
tive. 


In two possible cases of death caused by endrin poison- 
ing (Table 3), brains contained 0.71 ppm and 1.2 ppm 
endrin. The known lethal range begins at about 0.6 ppm, 
and evidence of death caused by endrin becomes strong 
at 0.8 ppm, as reported by Stickel et al. (8). Neither of 
the two eagles had subcutaneous, abdominal, or coro- 
nary fat. The lack of fat is often seen in organochlorine 
pesticide poisoning, although it can be caused by other 
factors. 


Livers of specimens that had lead shot pellets in the 
stomach, were emaciated, or had signs of diarrhea were 
analyzed for lead by the Central Animal Health Labora- 
tory, Madison, Wisconsin. High levels were found in nine 
specimens (Table 4), suggesting lead poisoning. How- 
ever, the lethal level of lead in bald eagles is not known 
and is currently being studied. Longcore (4) concluded 
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TABLE 2. 


Residues of organochlorine pesticides, PCBs, and PBBs in 168 bald eagles from 


29 states, 1975-77 





RESIDUES, PPM WET WEIGHT 





CARCASS 


BRAIN 





No. OF 


COMPOUND YEAR SPECIMENS 1 


MEDIAN 





No. OF 
RANGE SPECIMENS 1 


MEDIAN RANGE 





p,p’-DDE 1975 49 4.5 
1976 49 6.8 
1977 67 4.0 


p,p’-TDE 1975 44 0.42 
1976 43 0.45 
1977 50 0.26 


p,p’-DDT 1975 13 0.11 
1976 12 0.13 
1977 6 0.09 


Dieldrin 1975 44 0.60 
1976 40 0.66 
1977 53 0.22 


Heptachlor epoxide 1975 27 0.17 
1976 29 0.15 
1977 29 0.11 


Oxychlordane 1975 28 0.18 
1976 28 0.14 
1977 34 0.13 


cis-Chlordane and/or 1975 17? 0.55 

trans-nonachlor 
cis-Chlordane 1975 0.32 
1976 2 0.2 


4 


1977 0.22 


trans-Nonachlor 1975 
1976 
1977 


cis-Nonachlor 1975 
1976 
1977 


Endrin 1975 
1976 
1977 


Toxaphene 1975 
1976 
1977 


1975 
1976 
1977 


1975 
1976 24 
1977 29 


1977 105 
1975 49 


1976 50 
1977 67 


0.17— 74.0 45 0.81 
0.18-120.0 42 0.93 
0.10— 65.0 57 0.98 


0.05- 35.0 
0.07-— 52.0 
0.05-100.0 


0.05— 10.0 18 0.51 0.07- 1.9 
0.08- 12.0 14 0.32 0.06- 1.2 
0.06—- 4.5 19 0.23 0.05- 2.3 


0.06—- 0.73 4 0.07 0.05- 0.09 
0.05— 0.58 1 0.05 


0.06— 0.12 2 0.10 0.06- 0.13 


0.06— 12.0 32 0.23 0.05- 11.0 
0.05— 12.0 25 0.38 0.05— 9.8 
0.05— 4.0 32 0.27 0.05- 6.8 


0.05- 1. 11 0.22 0.07- 
0.05- 2. 12 0.17 0.05- 
0.05- 1. 14 0.18 0.05- 


0.05— 0. 15 0.23 0.07- 
0.06— 2.3 12 0.18 0.06- 
0.05— 1. 16 0.29 0.08- 


O.11- 6. 13 0.11 0.05- 
0.11- 


0.05- 
0.07- 


0.19 0.07- 
0.09 0.05- 
0.19 0.06- 


0.20 0.06- 
0.22 0.06- 
0.33 0.05- 


Ne pb 
N~aWU 


0.06- 
0.05- 
0.05- 


Yeo 
aso 


0.05- 
0.05- 
0.05- 


0.06—- 
0.05- 


0.17 
0.13 
0.17 0.06- 


— Om 
iw oon 
w 


0.09- 
0.18- 
0.06- 


0.12- 
0.32 0.15- 
0.05- 


NWR 
uUce 


0.06— 0.13- 


0.05- R 0.05- 
0.06- 0.06- 


0.05- 0. 0.05- 
0.05- 0. 0.05- 
0.07— 0.12 0.05- 


0.06- 1. 0.06—- 
0.05- 2.5 . 0.09- 0.57 
0.05— 5.3 0.05- 5.5 


0.03- 0. | k 0.03— 0.17 
0.20-220.0 46 


0.18-560.0 ot 
0.21-190.0 58 


0.13-160.0 
0.10—240.0 
0.07-160.0 





1 Number of specimens containing residues; median is based on this number. Total samples numbered 49 in 1975, 50 in 1976, and 69 in 1977. 
2 Twenty of the 49 specimens were analyzed for cis-chlordane and/or trans-nonachlor. 
% Twenty-nine of the 49 specimens were analyzed separately for cis-chlordane and for trans-nonachlor. 


4Twenty-nine of the 49 specimens were analyzed for endrin. 
5 Thirty-two of the 69 specimens were analyzed for PBBs. 


from experimental studies, and from results reported in 
the literature for lead-poisoned waterfowl, that 6-20 
ppm lead in the liver of mallards indicated acute expo- 
sure to lead. The two eagles from northern California 
were observed regurgitating a fluorescent green material 
and were found dead the next day. Necropsy failed to 
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indicate cause of death but both esophagi were stained 
with bile. Livers contained 38 ppm and 29 ppm lead. 
Organochlorine residues in carcasses and brains were 
low. The Maryland specimen that contained 75 lead shot 
pellets in the stomach has been studied in detail by 
Jacobsen et al. (3). 
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TABLE 3. Data on five suspected cases of dieldrin poisoning and two suspected cases of 
endrin poisoning of bald eagles from six states, 1975-77 





RESIDUES IN BRAIN, 
AGE PPM 


DIELDRIN 


Minnesota adult Open; no fat deposits 
Wisconsin immature : Open; no fat deposits 
Missouri immature J Emaciation; no fat deposits 
Florida immature 3 Open; no fat deposits 
Wisconsin adult J Open; no fat deposits 


NECROPSY FINDINGS ! 











ENDRIN 


Minnesota 1976 adult , Open; no fat deposits 
lowa 1977 immature ‘ Open; no fat deposits 








1 Open = No diagnosis could be made on the basis of necropsy findings. 


TABLE 4. Data on nine bald eagles that contained high lead levels in the liver, 1975-77 





RESIDUE IN 


STATE YEAR AGE LIVER, PPM NECROPSY FINDINGS 


~ 
™ 
~ 





California 1975 
California 1976 
Florida 1975 
Maine 1975 


adult 38.12 Open; bile-stained esophagus 

adult 29.01 Open; bile-stained esophagus 

adult 26.2 Open 

adult 34.0 Open; nine shot pellets in 
bile-stained stomach 

adult 23.7 Open; one pellet in stomach 

immature 22.9 Open; 75 shot pellets in 
stomach 

adult 36.9 Open; no fat, intestine filled 
with bile 

adult 28.0 Open; no fat 

immature 30.4 Open; no fat, liver stained 
green with bile 


Nebraska 1976 
Maryland 1976 


South Dakota 1976 


South Dakota 1977 
Wisconsin 1977 


zen nm nT 





1 Analysis at Patuxent Wildlife Research Center, Laurel, Maryland; remainder analyzed by Central Animal Health Laboratory, Wisconsin De- 
partment of Agriculture, Madison, Wisconsin for National Wildlife Health Laboratory. 


TABLE 5. Probable causes of death of 168 bald eagles percent; 1971-72, 35 percent; 1973-74, 24 percent; and 


collected in 29 states, 1975-77 1975-77, 2 percent (Table 5). 





Cause OF DEATH No. OF EacLes Conclusions 





al injuries The presence of organochlorine residues, some at known 
Electrocution lethal levels, in bald eagles shows the continuing influ- 
Lead poisoning : : : : 
Saomeamein ence of contamination on the environment. The data in- 
Trapping wounds dicate that the residue levels are declining. 
Dieldrin poisoning 

Drowning 

Peritonitis 

Endrin poisoning 

Enteritis 

Septicemia 

Strychnine poisoning 

Aspiration of fish 

Avian cholera 

Aspergillosis 

Cyanide poisoning 
Dieldrin / pneumonia 

Hepatic necrosis 

Impaction of cloaca and large iutestine 
Laceration of lung 

Myocardial infarction 

Penetration wound 

Open 2 
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SOILS 


Heavy Metal Concentrations in Soils of Five United States 
Cities, 1972 Urban Soils Monitoring Program 


Ann E. Carey,’ Jeanne A. Gowen,’ Terrell J. Forehand,’ Han Tai,’ and G. Bruce Wiersma* 


ABSTRACT 


Lead, mercury, cadmium, and arsenic levels were determined 
in soil samples from Des Moines, lowa, Fitchburg, Massa- 
chusetts, Lake Charles, Louisiana, and Reading and Pitts- 
burgh, Pennsylvania, as part of the 1972 Urban Soils Moni- 
toring Program. Sampling sites within each Standard 
Metropolitan Statistical Area (SMSA) were defined as urban 
or suburban based on their position either within or outside 
the official city limits, respectively. In addition, each site was 
classified lawn or waste according to the maintenance it re- 
ceived. Except in Fitchburg, urban soils of each SMSA con- 
tained significantly higher mean concentrations of cadmium, 
lead, and mercury than did suburban soils. Mean urban soil 
concentrations of arsenic were similar to suburban concen- 
trations in each SMSA except Des Moines and Reading, 
where urban levels were significantly higher. Generally, the 
metal concentrations in lawn and waste areas did not differ 
significantly. The results indicate a general contamination of 
these areas, probably as a result of fallout of airborne metal 
aerosols from industrial processes and/or fossil-fuel combus- 
tion. 


Introduction 


Although arsenic, cadmium, lead, and mercury occur 
naturally, they can be detrimental to plant and animal 
life at high concentrations. Industrial wastes, auto emis- 
sions, and pesticide and fertilizer applications (5, 6) all 
contribute to heavy metal contamination of soils. Trace 
element contamination of urban soils is often from many 
sources (/8). 


Lead concentrations from these sources are generally 
highest in the surface soil layers and decrease rapidly 


1 Field Studies Branch, Survey and Analysis Division, Office of Pesti- 
cide and Toxic Substances, U.S. Environmental Protection Agency, 
TS-793, Washington, D. C. 20460. 

2 Field Studies Branch, Survey and Analysis Division, Office of Pesti- 
cides and Toxic Substances, U.S. Environmental Protection Agency, 
Pesticides Monitoring Laboratory, NASA/NSTL, Bay St. Louis, 
Miss. 39529. 

% Chief, Pollutant Pathways Branch, Environmental Monitoring and 
Support Laboratory, U.S. Environmental Protection Agency, Las 
Vegas, Nev. 89114. 
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with either soil depth or distance from the surface (/, 
7, 12, 16). The lead content of soils near highways in- 
creases with increased traffic volume (/, 7, 1/5, 24). 


Mercury accumulates in soil via various industrial proc- 
esses, pesticide use, and the combustion of fossil fuels 
(20, 24). 


Cadmium contamination of the soil occurs through the 
use of phosphate fertilizers and cadmium-containing 
pesticides, and through the discharge of liquid or solid 
waste from metallurgical and industrial activities (12, 
17). Higher traffic volumes in urban areas probably con- 
tribute to the cadmium burden in urban soils because 
cadmium is used in lubricating oils, diesel fuel, and tires 
(/3). Urban refuse disposal is another likely source be- 
cause cadmium is a component of both paper and plas- 
tics, which comprise a major portion of urban solid 
waste (/7). 


The main sources of arsenic contamination are metal 
smelting and combustion of fossil fuels (/4), and pesti- 
cide applications (9, 10). 


The present study was undertaken as part of the U.S. 
Environmental Protection Agency’s Urban Soils Moni- 
toring Program. Reported here are arsenic, cadmium, 
lead, and mercury concentrations detected during 1972 
in soils of five United States Standard Metropolitan 
Statistical Areas (SMSAs), including Des Moines, Iowa; 
Fitchburg, Massachusetts; Lake Charles, Louisiana; and 
Reading and Pittsburgh, Pennsylvania. 


Sampling Procedures 


Five SMSAs were randomly selected from a list pro- 
vided by the Bureau of the Census, U.S. Department of 
Commerce (23). Within each SMSA, sampling sites 
were randomly allocated within the city limits to yield 
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a density of one site per 2.6 km? or one square mile 
and were designated as urban sites. In the remainder ot 
the SMSAs, sites were randomly allocated to yield a 
density of one site per 51.8 km? or 20 square miles and 
were designated as suburban sites. In addition, each site 
was described as either lawn or waste according to the 
criteria used by Wiersma et al. (26) to indicate whether 
the site received regular maintenance. 


All sampling sites were 231 m?, usually a 15.2 m by 
15.2 m plot (50 ft by 50 ft). Sixteen soil cores, each 
5.1 cm in diameter by 7.6 cm deep, were collected 
throughout the site on a 4 by 4 grid pattern. The cores 
were composited, sieved three times through a 6.3-mm 
galvanized mesh screen, and thoroughly mixed. A 2.3- 
liter subsample was drawn, packed in a new metal paint 
can which had been rinsed previously with isopropyl 
alcohol, and was shipped to the Pesticides Monitoring 
Laboratory, Bay St. Louis, Mississippi. When the sam- 
ples arrived at the laboratory, soil for analysis was re- 
moved from the center of the cans to minimize any 
possible contamination from the cans. 


Analytical Procedures 


All metals were determined by atomic absorption spec- 
trophotometry. For arsenic analysis, the soil sample was 
extracted with 9.6N HCl, and arsenic was reduced to 
As**, As*® was partitioned from the acid to benzene, and 
then further partitioned from benzene to water for the 
absorption measurement. A Perkin-Elmer Model 303 
spectrophotometer was used, and absorbance was meas- 
ured with an arsenic cathode lamp at 197.0 nm with 
argon as an aspirant to an air-hydrogen flame. Average 
recovery was 56 percent arsenic. Concentrations were 
corrected for recovery; minimum detection limit, after 
correction, was 0.2 ppm. 


For cadmium, lead, and mercury analyses, soil samples 
were dried at 50°C for 24 hours. A 10-g dry soil sam- 
ple was weighed into a 125-ml Erlenmeyer flask, and 
100 ml of a mixture of 4N HNO, and 0.7N HCI was 
added. The capped flask was swirled and heated at 
70—90°C for 2 hours in a water bath. After the mixture 
cooled and settled, cadmium and lead were determined 
on a Perkin-Elmer Model 306 spectrophotometer with 
direct aspiration and an air-acetylene flame. Absorbance 
was measured at 229.0 nm for lead and at 283.3 nm for 
cadmium with background corrections. Lead recovery 
averaged 90-95 percent with a detection limit of 0.5 
ug/ml, equivalent to 0.5 ppm in 1 g of soil. Cadmium 
recovery averaged 85-90 percent with a detection limit 
of 0.5 ug/ml, equivalent to 0.5 ppm in 1 g of soil. 


For the mercury determination, an aliquot of the acid 
extract, containing not more than 0.5 »g mercury, was 
pipetted into a 300-ml BOD bottle. Five milliliters of 
concentrated H.SO, were added to the aliquot, and the 
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volume was adjusted to 100 ml. Flameless AA by the 
method of Hatch and Ott (8) was followed. Mercury 
recovery averaged 60-100 percent, depending on soil 
type and percent organic matter. The detection limit 
was 0.05 ug/100 ml, equivalent to 0.2 ppm in 1 g of 
soil. 


Values for all four metals were corrected for the appro- 
priate percent recovery, as determined by recovery 
studies carried out in conjunction with the analyses. The 
recovery studies included fortifying selected samples 
with known quantities of each metal followed by analy- 
sis and determination of the amount recovered. 


Results 


Results of the metal analyses are presented in Tables 1 
and 2. Both tables list the number of analyses for each 
category, percent occurrence of the element, the arith- 
metic mean, the estimated geometric mean, and the 
minimum and maximum positive concentrations de- 
tected within each metropolitan area. 


The estimated geometric mean is routinely presented in 
the tables as an alternative to the arithmetic mean as a 
measure of central tendency of the data. Such data are 
seldom distributed normally, as shown by tests for skew- 
ness and/or kurtosis, but often approximate a log- 
normal distribution. The log (X + 0.01) transformation 
was used to determine the logarithmic means. The anti- 
logs of these figures, minus 0.01, were taken to estimate 
the geometric mean in the untransformed dimension. 
Differences between means were checked for significance 
by t-tests of the transformed variate log (X + 0.01). 


LEAD 

All soil samples contained detectable amounts of lead. 
Geometric means for the SMSAs ranged from 12 ppm 
at Lake Charles to 71 ppm at Pittsburgh. Individual 
sample measurements ranged from 2.1 ppm in a Lake 
Charles sample to 11,700 ppm in a Reading sample. 
Most published estimates show that lead occurs naturally 
in soils at levels of 10-20 ppm (/3, 22). Urban portions 
of each SMSA, except Fitchburg, had significantly 
higher mean concentrations of lead than did correspond- 
ing suburban portions. Lead concentrations were similar 
in urban lawn and waste areas of all cities except Des 
Moines, where lead concentrations were significantly 
higher in lawn areas than in waste areas. Suburban lawn 
and waste lead concentrations were similar except in 
Reading, which had significantly higher lead levels in 
waste areas than in lawn areas. 


MERCURY 

Mercury was detected in 68 percent of the samples, 
ranging from 0.02 to 15 ppm. The highest geometric 
mean concentration for the SMSAs was 0.25 ppm in 
Fitchburg; the lowest was 0.01 ppm at Lake Charles. 
Average mercury concentrations in soils in the United 
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TABLE 1. Heavy metal concentrations in urban and suburban soils of five Standard 
Metropolitan Statistical Areas, 1972—Urban Soils Monitoring Program 





CONCENTRATION, PPM Dry WEIGHT 





SAMPLES 
No. OF SAMPLES ESTIMATED EXTREME CONTAINING 
ARITHMETIC GEOMETRIC POSITIVE DETECTABLE 
LOCATION URBAN SUBURBAN HEAVY METAL MEAN MEAN VALUES AMOUNTS 








Des Moines, Iowa 59 25 Lead 


urban 89.0 55.0 9.8- 488.0 100 
suburban 15.0 14.0** 7.2- 26.0 100 


Mercury 


urban 0.44 0.10 0.06- 15.0 80 
suburban 0.01 <0.01** 0.06— 0.15 16 


Cadmium 
urban 0.89 0.64 


100 
suburban 0.28 0.12** 


80 
Arsenic 
urban 12.0 R 1.36- 119.0 98 
suburban 2.8 s 0.40- 14.0 
Fitchburg, Mass. Lead 


urban C 12.0 — 1230.0 
suburban . 44—- 278.0 


Mercury 


urban 0.29 0.08- 0.83 
suburban . 0.70- 0.50 


Cadmium 


urban 13 } 0.12- 0.70 
suburban 13 é 0.11- 0.38 


Arsenic 


urban ‘ 2.8 - 158.0 
suburban ! J 2.0 - 18.0 


Lake Charles, La. Lead 


urban 


1330.0 
suburban 


61.0 
Mercury 


urban 0.04— 

suburban 0.04— 
Cadmium 

urban 0.11- 

suburban ¥ 0.11- 


Arsenic 
urban , J 0.88- 
suburban © j 0.69- 


Pittsburgh, Pa. Lead 


urban J 267.0 45.0 — 2290.0 

suburban u 44.0** 15.0 - 402.0 
Mercury 

urban 0.46 

suburban 0.04** 


Cadmium 
urban : 0.74 
suburban : 0.45* 


Arsenic 
urban J 12.0 
suburban 15, 13.0 
Reading, Lead 
urban 172.0 21.0 -—11,700.0 
suburban 40.0** 14.0 - 306.0 
Mercury 
urban 0.63 0.29 0.04— 2.8 
suburban 0.10 0.07** 0.04— 0.4 
Cadmium 
urban 0.63 0.26 0.11- 
suburban 0.25 0.04* 0.11- 
Arsenic 


urban 16.0 13.0 4.3 - 42.0 


100 
suburban 8.6 7.0** 1.6 - 


33.0 100 





NOTE: Statistical significance of urban-suburban differences based on t-tests of the transformed variate log (X + 0.01), 
Protection Agency. 


* Differences statistically significant (P = 0.05). 
** Differences statistically significant (P = 0.01). 


U.S. Environmental 
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TABLE 2. 


Heavy metal concentrations in lawn and waste soils of five Standard Metropolitan 


Statistical Areas, 1972—Urban Soils Monitoring Program 





CONCENTRATION, PPM DRY WEIGHT 





MERCURY CADMIUM ARSENIC 





LOCATION AREA 


ARITH- GEO- ARITH- GEo- ARITH- GEo- 
METIC METRIC METIC METRIC METIC METRIC 
MEAN MEAN MEAN MEAN MEAN 





Des Moines, Iowa Urban 


lawn 102.0 

waste ’ 65.0 
Suburban 

lawn 13.0 

waste 18.0 


Fitchburg, Mass. Urban 


lawn 119.0 

waste 116.0 
Suburban 

lawn 56.0 

waste 60.0 


Lake Charles, La. Urban 


lawn 224.0 

waste 29.0 
Suburban 

lawn 9.7 

waste 11.0 


Pittsburgh, Pa. Urban 


lawn 398.0 


waste 480.0 
Suburban 


lawn 75.0 
waste 49.0 
Reading, Pa. Urban 

lawn 1 48.0 
waste 9 1550.0 

Suburban 
lawn 15 28.0 
waste 26 72.0 


0.14 0.85 0.68 
0.05* 0.96 0.57 


_ 0.14 0.08 
0.01 0.23 


0.37 R 0.05 
0.26 lo 0.05 


0.16 E 0.05 


0.03 0.03 
0.01 <0.01 


<0.91 <0.01 
<0.91 y <0.01 


0.38 P 0.79 
0.53 . 0.71 


0.02 R 0.64 
0.05 , 0.43 


_— 0.11 _ 0.11 _ 16.4 
198.0 0.69 0.32 0.68 0.29 15.7 


26.0 0.06 0.05 0.03 


0.01** 8.4 
50.0** 0.12 0.09 0.38 


0.09** 8.7 





‘NOTE: ND = Not detected. 


Statistical significance based on t-tests of the transformed variate log (X + 0.01), U.S. Environmental Protection Agency. 
* Differences statistically significant (P — 0.05). 


** Differences statistically significant (P = 0.01). 


States are reported to be about 0.07 ppm (J9, 25). 
Urban portions of each SMSA, except Fitchburg, had 
significantly higher mean mercury concentrations than 
did corresponding suburban portions. Mercury concen- 
trations were not significantly different between lawn 
and waste areas of either urban or suburban parts of 
any SMSA except in Des Moines, where the mean mer- 
cury concentration in lawn sites was significantly higher 
than in waste sites. 

CADMIUM 


Cadmium was detected in 73 percent of the samples, 
ranging from 0.11 to 8.0 ppm. Geometric mean concen- 
trations for the SMSAs ranged from less than 0.01 ppm 
at Lake Charles to 0.52 ppm at Pittsburgh. Cadmium 
occurs naturally in soils at average concentrations of 
about 0.06 ppm (/4). As with mercury and lead, mean 
cadmium concentrations were significantly higher at 
urban sites except in Fitchburg. The only significant 
differences in cadmium concentrations between lawn 
and waste sites were found in suburban Reading, where 
concentrations were significantly higher in lawn areas 
than in waste areas. 
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ARSENIC 


Arsenic was detected in 99.8 percent of the samples, at 
levels of 0.58—158 ppm. Geometric mean concentrations 
for the SMSAs ranged from 1.9 ppm at Lake Charles to 
13 ppm in Pittsburgh. Arsenic occurs naturally in soil 
at an average concentration of 6 ppm (3, /4, 26). Urban 
and suburban arsenic concentrations were not signifi- 
cantly different for the SMSAs except in Des Moines 
and Reading, where urban concentrations were signifi- 
cantly higher than suburban concentrations. Urban lawn 
sites in Des Moines also contained significantly higher 
arsenic concentrations than did urban waste areas. In ail 
other comparisons of lawn and waste areas of suburban 


and urban portions, no significant differences were de- 
tected. 


Discussion 


Other investigators have attributed elevated metal con- 
centrations in urban soils to atmospheric fallout of aero- 
sols from industrial processes and fossil-fuel combustion, 
especially motor vehicle emissions (2, 4, 5, 11, 21). The 
present study supports previous findings. Such sources 
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would normally occur less frequently in suburban areas 
and would, therefore, result in lower suburban soil metal 
concentrations, as shown in the present study. 


Urban and suburban mean soil concentrations of metals 
in Fitchburg may be similar because the city limits there 
do not seem to separate areas of more and less dense 
population and industry. The city of Leominster and 
several towns are included in that portion of the SMSA 
designated as suburban. 


Mercury concentrations in Fitchburg were high com- 
pared to mercury concentrations in the other four cities. 
Mercury compounds were registered for fungicidal uses 
before 1972, and many industries in Fitchburg are types 
which would have used mercurial fungicides before 
1972. These concentrations also might have originated 
from higher background soil concentrations of mercury, 
as suggested by the results of Shacklette et al. (/9). 


Summary and Conclusions 


This study shows that metal concentrations in urban 
soils of SMSAs are generally higher than concentrations 
in the corresponding suburban soils. The similarity of 
average metal concentrations in lawn and waste sites 
within urban and suburban areas of these SMSAs indi- 
cates a general contamination of these areas. The main 
source of this contamination appears to be fallout of 
airborne metal aerosols from industrial processes and/or 
fossil-fuel combustion. 


Acknowledgments 


Authors wish to thank the inspectors of the Plant Pro- 
tection and Quarantine Programs, Animal and Plant 
Health Inspection Service, U.S. Department of Agricul- 
ture, who collected the soil samples, and the citizens 
of Des Moines, Fitchburg, Lake Charles, Reading, and 
Pittsburgh, whose willing cooperation allowed the ac- 
complishment of this study. 


LITERATURE CITED 


(1) Bohn, H. L. 1972. Soil absorption of air pollutants. 
J. Environ. Qual. 1(4):372-377. 

(2) Buraiky, M. S., and C. J. Ritter. 1976. Mercury in soil 
from the area of Dayton, Ohio. Environ. Geol. 1(5): 
295-297. 

(3) Carey, A. E., J. A. Gowen, H. Tai, W. G. Mitchell, 
and G. B. Wiersma. 1978. Pesticide residue levels in 
soils and crops, 1971—National Soils Monitoring Pro- 
gram (III). Pestic. Monit. J. 12(3):117-136. 

Day, J. P., M. Hart, and M. S. Robinson, 1975. Lead 
in urban street dust. Nature 253(5490) :343-345. 
Farmer, J. G., and T. D. B. Lyon. 1977. Lead in Glas- 


gow street dirt and soil. Sci. Total Environ. 8(1): 
89-93. 


Fishbein, L. 1974. Mutagens and potential mutagens 
in the biosphere II. Metals—mercury, lead, cadmium, 
and tin. Sci. Total Environ. 2(4) :341-371. 


Goldsmith, E. C., P. F. Scanlon, and W. R. Pirie. 1976. 
Lead concentrations in soil and vegetation with high- 
ways of different traffic densities. Bull. Environ. Con- 
tam. Toxicol. 16(1):66—70. 

Hatch, W. R., and W. L. Ott. 1968. Determination of 
submicrogram quantities of mercury by atomic absorp- 
tion spectroscopy. Anal. Chem. 40( 14) :2085-—2087. 
Johnson, L. R., and A. E. Hiltbold. 1969. Arsenic con- 
tent of soils and crops following use of methanearson- 
ate herbicides. Soil Sci. Amer. Proc. 33(2):279-282. 
Kearney, P. C., R. G. Nash, and A. R. Isensee. 1968. 
Persistence of pesticide residues in soils. Pages 54-67. 
In M. W. Miller and G. C. Berg, Eds. Chemical Fall- 
out. Charles C. Thomas, Springfield, Ill. 

Klein, D. H. 1972. Mercury and other metals in urban 
soils. Environ. Sci. Technol. 6(6) :560-—562. 
Lagerwerff, J. V. 1967. Heavy-metal contamination of 
soils. Jn N. C. Brady, Ed., Agriculture and the quality 
of our environment. Am. Assoc. Adv. Sci. Publ. 85: 
343-364. 

Lagerwerff, J. V., and A. W. Specht. 1970. Contami- 
nation of roadside soil and vegetation with cadmium, 
nickel, lead, and zinc. Environ. Sci. Technol. 4(7): 
583-586. 

Lisk, D. J. 1972. Trace metals in soils, plants, and 
animals. Adv. Agron. 24:267-311. 

Motto, H. L., R. H. Daines, D. M. Chilko, and C. K. 
Motto. 1970. Lead in soils and plants: Its relationship 
to traffic volume and proximity to highways. Environ. 
Sci. Technol. 4(3) :231-—237. 

(16) Page, A. L., and T. J. Ganje. 1970. Accumulation of 
lead in soils for regions of high and low motor vehicle 
traffic density. Environ. Sci. Technol. 4(2) : 140-142. 

(17) Page, A. L., and F. T. Bingham. 1973. Cadmium resi- 
dues in the environment. Residue Rev. 48: 1-44. 

(18) Purves, D. 1977. Trace-element contamination of the 
environment. Fundamental aspects of pollution con- 
trol and environmental science series No. 1, Elsevier- 
North Holland, Inc., New York, N.Y. 

Shacklette, H. T., J. G. Boerngen, and R. L. Turner. 
1971. Mercury in the environment-surficial materials 
of the conterminous United States. U.S. Geological 
Survey Circ. 644, U.S. Department of the Interior. 
Smart, N. A. 1968. Use and residues of mercury com- 
pounds in agriculture. Residue Rev. 23: 1-36. 
Solomon, R. L., and J. W. Hartford. 1976. Lead and 
cadmium in dusts and soils in a small urban commu- 
nity. Environ. Sci. Technol. 10(8):773-777. 


Swaine, D. J. 1955. The trace element content of soil. 
Commonwealth Agriculture Bureau, Commonwealth 
Bur. Soil Technol. Commun. No. 48, Harold Printing 
Works, England. 

U.S. Department of Commerce, Bureau of the Census. 
1967. County and City Data Book, 1967. U.S. Govern- 
ment Printing Office, Washington, D.C. 673 pages. 
U.S. Environmental Protection Agency. 1971. Mer- 
curial pesticides, man, and the environment. Special 
Pesticides Review Group. Office of Pesticide Pro- 
grams. Washington, D.C. p. 88. 

Wiersma, G. B., and H. Tai. 1974. Mercury levels in 
soils of the eastern United States. Pestic. Monit. J. 
7(3/4) :214-216. 

Wiersma, G. B., H. Tai, and P. F. Sand. 1972. Pesti- 
cide residues in soil from eight cities—1969. Pestic. 
Monit. J. 6(2):126—129. 


PESTICIDES MONITORING JOURNAL 





WATER 


Pesticides and PCB Residues in the Black Creek Watershed, 
Allen County, Indiana—1977-78 * 


Daniel R. Dudley’ and James R. Karr* 


ABSTRACT 


The aquatic environment of a small agricultural drainage in 
northeastern Indiana was surveyed during 1977-78 for pesti- 
cide and PCB contamination. A total of 45 water, sediment, 
and fish samples from Black Creek watershed, Allen County, 
Indiana were analyzed for seven pesticides and PCBs. Low 
levels of dieldrin (mean 0.023 ug/g) and DDE (mean 0.016 
ug/g) were found in all fish samples, but were not detected 
in water or sediment samples. PCB concentrations in fish 
were five times greater (0.102 ug/g) than were organochlo- 
rine pesticide concentrations. Two of seven water samples 
contained PCBs at 0.4 ywg/liter and 0.2 ug/liter. Only the 
herbicide 2,4,5-T occurred in surface water samples during 
low stream discharge, at concentrations of 0.2-7.7 yug/liter. 
Atrazine, alachlor, carbofuran, and malathion were not de- 
tected in any samples. 


Introduction 


The 48.5 km* Black Creek watershed in Allen County, 
Indiana, is typical of the land use, topography, and soils 
of the larger Maumee River basin. Land use is 80 per- 
cent row crop agriculture and 4 percent urban. 


A survey of the pesticide and PCB content of the water, 
sediment, and fish of this small agricultural drainage 
was conducted in 1977. The study was a portion of a 
research and demonstration project designed to identify 
and reduce agricultural sources of non-point pollution 
(3). The purpose of the survey was to assess toxic sub- 
stance contamination of the aquatic environment at low 
stream discharge, and the results are presented here. 


Sampling Procedures 
On July 18 and 19, 1977, 14 sediment samples, 7 water 


1 Study supported by the U.S. Environmental Protection Agency, under 
Section 108(a) Program, Grant G005103. 

* Aquatic Biologist, Allen County Soil and Water Conservation Dis- 
trict, 2010 Inwood, Fort Wayne, Ind. 46805. Present address: Ohio 
Environmental Protection Agency, Division of Surveillance, 361 E. 
Broad St., Columbus, Ohio 43215. 

3 Associate Professor, Department of Ecology, Ethology, and Evolu- 
tion, University of Illinois, Champaign, Ill. 61820. 
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samples, and 18 fish samples were collected from vari- 
ous locations in the Black Creek drainage. The 39 sam- 
ples were analyzed for PCBs (Aroclors 1242 and 1254), 
dieldrin, DDE, atrazine, alachlor, carbofuran, malathion, 
and 2,4,5-T. Grab water and sediment samples were col- 
lected in one-quart wide-mouth glass jars that had been 
rinsed with acetone. Sediment samples were collected 
by directly scooping the top 10 cm of bottom material 
into the glass jars. A single fish species, creek chub 
(Semotilus atromaculatus), was collected by seining, 
and individuals were analyzed separately. Sediment and 
water samples were placed on ice and refrigerated until 
analysis. Fish specimens were frozen at —20°C and 
analyzed as received after thawing. Samples were held 
no longer than 50 days before analysis. On June 5, 
1978, six water samples were collected and analyzed for 
2,4,5-T only. 


Analytical Procedures 


All laboratory work was done at the Pesticide Labora- 
tory of the Section of Wildlife Research, Illinois Natu- 
ral History Survey. Analytical and cleanup procedures 
outlined in the Pesticide Analytical Manual of the Food 
and Drug Administration, U.S. Department of Health, 
Education, and Welfare (5) were followed for each 
compound. 


Compounds were extracted from the water samples by 
extracting each 1-liter sample with three 100-ml aliquots 
of methylene chloride. The combined extracts were dried 
with sodium sulfate and concentrated to 1 ml by reflux- 
ing under a three-ball Snyder column. The compounds 
were then partitioned into an equivalent volume of ethyl 
acetate for injection into the gas chromatograph. 


The compounds were extracted from sediment samples 
by mixing 50 grams of sediment with 100 ml ethyl ace- 
tate on a magnetic stirrer for 1 hour. The ethyl acetate 
was decanted with rinsing, reduced in volume, dried 
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over anhydrous sodium sulfate, and dissolved in hexane 
for injection into the gas chromatograph. 


Twenty-gram subsamples representative of the whole 
fish were pulverized in a blender with 100 ml acetoni- 
trile. The acetonitrile was swirled with 10 ml hexane to 
remove fish oil, blown dry with nitrogen, and dissolved 
in ethyl acetate for gas-liquid chromatographic analysis 
(GLC). 


Alachlor, carbofuran, atrazine, and malathion were ana- 
lyzed with an alkali flame ionization detector on a 
Varian 2100 gas chromatograph. 


Instrument parameters and operating conditions were: 


Column: 6 ft glass, packed with 3 percent OV-17 on 


100-120-mesh Gas-Chrom Q, internal diameter 
2mm 


Temperatures: column 210°C 


injection port 235°C 
detector 240°C 


Carrier gas: nitrogen flowing at 15 ml/minute 
Organochlorine pesticides and PCBs were measured by 
Ni® electron-capture gas chromatography under the 
above conditions with one exception. The column was 
packed with a mixture of 3 percent OV-—210 and 1.5 
percent OV-17 on 100—120-mesh Gas-Chrom Q. 


For 2,4,5-T analysis, a methyl ester derivative was pre- 


pared for GLC with 10 percent boron trichloride in 
methanol. GLC injection volumes were 1-10 ul. One 
milliliter final solution for GLC injection represented 


1000 ml original water sample and 100 grams sediment 
or fish. 


Appropriate recovery experiments were conducted ac- 
cording to the procedures in the Pesticide Analytical 
Manual (5). The results and the detection limits are 
shown in Table 1. Results reported are not corrected for 
percent recoveries. 


TABLE 2. 


TABLE 1. Percent recovery and lower limits of detection 
of pesticides and PCBs from water, and sediment, and fish 
samples, Black Creek watershed, Allen County, 
Indiana—1 977-78 





% RECOVERY 1 





WATER AND 
SEDIMENT 


Lower LIMIT OF 


COMPOUND DETECTION, PPM 





2,4,5-T 95 0.0002 

PCBs, DDE, dieldrin 98 0.0002 

Malathion 97.5 0.001 

Atrazine, alachlor, 95 0.1 
carbofuran 





1% Recovery = [amount of compound analyzed/(amount of compound 
added — amount occurring in sample)] x 100 


Results and Discussion 


No organochlorine pesticide residues were detected in 
water or sediment samples (Table 2), reflecting both the 
current low use of the compounds within the watershed 
and a two-week period without storm runoff prior to 
sampling. Despite the absence of pesticide residues in 
the abiotic environment, low levels of dieldrin (mean 
0.023 + 0.0048 ug/g (SE), n= 18) and DDE (mean 
0.016 + 0.0017 ug/g (SE), n = 18) were found in all 
fish samples. Similar DDE concentrations have been re- 
ported in small-stream fishes from other watersheds 
where DDE was rarely detected in sediments or water 
(4). The source of the pesticide residues in the S. atro- 
maculatus specimens collected in Black Creek cannot be 
ascertained at present. The absence of organochlorine 
residues in sediments plus evidence of seasonal upstream 
movement of the older individuals of this species (2) 
support the hypothesis that the pesticide residues were 
assimilated in the Maumee River. However, the young 
age of the individuals collected and the species’ decided 
preference for small-stream habitats suggests that the 
fishes might occasionally be exposed to organochlorine 
pesticide residues in Black Creek during periods of storm 
runoff. 


Pesticide and PCB concentrations in the Black Creek aquatic environment, Allen County, Indiana— 


1977-78 * 





NO. OF 
SAMPLES 
COLLECTED 


No. OF SAMPLES 
COMPOUND 


CONTAINING COMPOUND 


CONCENTRATIONS 2 





MAXIMUM MINIMUM 





WATER 





2,4,5-T 

PCB 
Aroclor 1254 
Aroclor 1242 








Dieldrin 18 18 
DDE 18 18 
PCB 
Aroclor 1254 18 13 
Aroclor 1242 18 1 


0.086 0.004 
0.031 0.007 


0.265 0.070 
0.140 





1 Atrazine, alachlor, carbofuran, and malathion were not detected. No compounds were detected in any sediment samples. 


* Water, mg/liter; fish, ,eg/g wet weight. 
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PCBs were detected in two of seven water samples at 
0.4 ug/liter and 0.2 «g/liter. Atmospheric inputs and/or 
sewage outfall sources could account for the presence of 
PCBs in water (/). Sediments did not contain PCBs. Of 
the fish sampled, 72 percent contained PCBs at a mean 
concentration (0.102 + 0.0187 ug/g (SE), n= 18) 
five times higher than the organochlorine pesticide resi- 
dues in fish. These data suggest that PCBs are more 
prevalent than other organochlorine residues in the 
aquatic environment of this agricultural drainage. Ex- 
posure of the fish to PCBs in the Maumee River is also 
a possibility. 


Atrazine, alachlor, carbofuran, and malathion were not 
detected in any samples. Considering the rapid break- 
down of these compounds and the low flow conditions 
that existed for 15 days prior to sampling, these results 
are not unexpected. 


In 1977, the herbicide 2,4,5-T was detected in two water 
samples at concentrations less than 3 ug/liter but was 
not present in sediment or fish samples. In 1978, a fish 
kill was noted three days after application of 2,4,5-T 
along stream banks. Surface water samples taken seven 
days after spraying revealed 2,4,5-T concentrations rang- 
ing from 0.2 to 7.7 «g/liter. Based on field observations, 
authors predict frequent occurrence of 2,4,5-T in small 
streams during summer low-flow periods. Widespread 
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use of the herbicide to kill woody vegetation adjacent to 
streams, and the common methods of application, make 
contact with surface water inevitable. 
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APPENDIX 


Chemical Names of Compounds Discussed in This Issue 





ALACHLOR 
ALDRIN 
AROCLOR 1242 
AROCLOR 1254 
AROCLOR 1260 
ATRAZINE 
CARBOFURAN 
CHLORDANE 


DIELDRIN 


ENDRIN 

HCB 

HEPTACHLOR 

HEPTACHLOR EPOXIDE 
MALATHION 

MIREX 

NONACHLOR 
OXYCHLORDANE 

PPBs (Polybrominated Biphenyls) 
PCBs (Polychlorinated Biphenyls) 


2,4,5-T 


TOXAPHENE 
{ 


2-Chloro-2’,6’-diethyl-N-(methoxymethy]) -acetanilide 

Hexachlorohexahydro-endo, exo-dimethanonaphthalene 95% and related compounds 5% 
PCB, approximately 42% chlorine 

PCB, approximately 54% chlorine 

PCB, approximately 60% chlorine 

2-Chloro-4-(ethylamino ) -6-(isopropylamino ) -s-triazine 
2,3-Dihydro-2,2-dimethyl-7-benzofuranyl methyl carbamate 
1,2,3,4,5,6,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene. The technical product 
is a mixture of several compounds including heptachlor, chlordene, and two isomeric forms 
of chlordane. 

Dichlorodiphenyldichloroethylene (degradation product of DDT); p,p’-DDE: 1,1-Dichloro- 
2,2-bis(p-chlorophenyl) ethylene; o0,p’-DDE: _1,1-Dichloro-2-(o-chloropheny]) -2-(p-chloro- 
phenyl) ethylene 

Main component (p,p’-DDT): &-Bis(p-chlorophenyl) g,g,g-trichloroethane. Other isomers 
are possible and some are present in the commercial product. 0,p’-DDT: [1,1,1-Trichloro-2- 


(o-chloropheny])-2-(p-chlorophenyl) ethane] 


Not less than 85% of 1,2,3,4,10,10-hexachloro-6,7,-epoxy-1,4,4a,5,6,7 :8,8a-octahydro-1,4-endo- 
exo-5,8-dimethanonaphthalene 


Hexachloroepoxyoctahydro-endo,endo-dimethanonaphthalene 

Hexachlorobenzene 
1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydro-4,7-endo-methanoindene 
1,4,5,6,7,8,8-Heptachloro-2,3-epoxy-3a,4,7,7a-tetrahydro-4,7-methanoindan 
0,O0-Dimethyl dithiophosphate of diethyl mercaptosuccinate 
Dodecachlorooctahydro-1,3,4-metheno-1-H-cyclobuta[cd]pentalene 
1,2,3,4,5,6,7,8-Nonachlor-3a,4,7,7a-tetrahydro-4,7-methanoindan 
2,3,4,5,6,6a,7,7-Octachloro-1a, 1b,5,5a,6,6a-hexahydro-2,5-methanc -2H-indeno (1,2-g) oxirene 
Mixtures of brominated biphenyl compounds having various percentages of bromine 
Mixtures of chlorinated biphenyl compounds having various percentages of chlorine 
2,4,5-Trichlorophenoxyacetic acid 


2,2-Bis(p-chloropheny])-1,1-dichloroethane (including isomers and dehydrochlorination prod- 
ucts ) 


Chlorinated camphene (67-69% chlorine). Product is a mixture of polychlor bicyclic terpenes 
with chlorinated camphenes predominating. 





PESTICIDES MONITORING JOURNAL 





MISSING PAGES ARE INDEX PAGES 
WHICH HAVE BEEN PHOTOGRAPHED 


AT THE BEGINNING OF THE VOLUME (S) 








Information for Contributors 


The Pesticides Monitoring Journal welcomes from all 
sources qualified data and interpretative information in 
pesticide monitoring. The publication is distributed 
principally to scientists, technicians, and administrators 
associated with pesticide monitoring, research, and 
other programs concerned with pesticides in the environ- 
ment. Other subscribers work in agriculture, chemical 
manufacturing, food processing, medicine, public health, 
and conservation. 


Articles are grouped under seven headings. Five follow 
the basic environmental components of the National 
Pesticide Monitoring Program: Pesticide Residues in 
People; Pesticide Residucs in Water; Pesticide Residues 
in Soil; Pesticide Residues in Food and Feed; and 
Pesticide Residues in Fish, Wildlife, and Estuaries. The 


sixth is a general heading; the seventh encompasses 
briefs. 


Monitoring is defined here as the repeated sampling and 
analysis of environmental components to obtain reliable 
estimates of levels of pesticide residues and related 
compounds in these components and the changes in 
these levels with time. It can include the recording of 
residues at a given time and place, or the comparison of 
residues in different geographic areas. The Journal will 
publish results of such investigations and data on levels 
of pesticide residues in all portions of the environment 
in sufficient detail to permit interpretations and con- 
clusions by author and reader alike. Such investigations 
should be specifically designed and planned for moni- 
toring purposes. The Journal does not generally publish 
original research investigations on subjects such as 
pesticide analytical methods, pesticide metabolism, or 
field trials (studies in which pesticides are experimen- 
tally applied to a plot or field and pesticide residue de- 
pletion rates and movement within the treated plot or 
field are observed). 


Authors are responsible for the accuracy and validity 
of their data and interpretations, including tables, charts, 
and references. Pesticides ordinarily should be identi- 
fied by common or generic names approved by national 
or international scientific societies. Trade names are 
acceptable for compounds which have no common 
names. Structural chemical formulas should be used 
when appropriate. Accuracy, reliability, and limitations 
of sampling and analytical methods employed must be 
described thoroughly, indicating procedures and con- 
trols used, such as recovery experiments at appropriate 
levels, confirmatory tests, and application of internal 
standards and interlaboratory checks. The procedure 
employed should be described in detail. If reference is 
made to procedures in another paper, crucial points or 
modifications should be noted. Sensitivity of the method 


VoL. 13, No. 4, Marcu 1980 


and limits of detection should be given, particularly 
when very low levels of pesticide residues are being 
reported. Specific note should be made regarding cor- 
rection of data for percent recoveries. Numerical data, 
plot dimensions, and instrument measurements should 
be reported in metric units. 


PREPARATION OF MANUSCRIPTS 


Prepare manuscripts in accord with the CBE Style 
Manual, third edition, Council of Biological Edi- 
tors, Committee on Form and Style, American 
Institute of Biological Sciences, Washington, D.C., 
and/or the U.S. Government Printing Office Style 
Manual. For further enrichment in language and 
style, consult Strunk and White’s Elements of Style, 
second edition, MacMillan Publishing Co., New 
York, N.Y., and A Maral of Style, twelfth edi- 
tion, University of Chicago Press, Chicago, IIl. 


On the title page include authors’ full names with 
affiliations and addresses footnoted; the senior 
author’s name should appear first. Authors are 
those individuals who have actually written or 
made essential contributions to the manuscript and 
bear ultimate responsibility for its content. Use 
the Acknowledgment section at the end of the 
paper for crediting secondary contributors. 


Preface each manuscript with an informative ab- 
stract not to exceed 20) words. Construct this 
piece as an entity separate from the paper itself; 
it is potential material for domestic and foreign 
secondary publications concerned with the topic of 
study. Choose language that is succinct but not 
detailed, summarizing reasons for and results of 
the study, and mentioning significant trends. Bear 
in mind the literature searcher and his/her need 
for key words in scanning abstracts. 


Forward original manuscript and three copies by 
first-class mail in flat form: do not fold or roll. 


—tType manuscripts on 8'%2-by-1l-inch paper with 
generous margins on all sides, and end each page 
with a complete paragraph. Recycled paper is 
acceptable if it does not degrade the quality of 
reproduction. Double-space all copy, including 
tables and references, and number each page. 


Place tables, charts, and illustrations, properly 
titled, at the end of the article with notations in 
the text to show where they should be inserted. 
Treat original artwork as irreplaceable material. 
Lightly print author’s name and illustration number 
with a ballpoint pen on the back of each figure. 
Wrap in cardboard to prevent mutilation; do not 
use paperclips or staples. 
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Letter charts distinctly so that numbers and words 
will be legible when reduced. Execute drawings in 
black ink on plain white paper. Submit original 
drawings or sharp glossy photographs: no copies 
will be accepted. 


Number literature citations in alphabetical order 
according to author. For journal article include, 
respectively, author, year, title, journal name as 
abbreviated in Chemical Abstracts Service Source 
Index, and volume, issue, and page numbers. For 
book references cite, respectively, author, year, 
chapter title, pages, and editor if pertinent, book 
title, and name and city of publisher. For Govern- 
ment manuals list originating agency and relevant 
subgroup, year, chapter title and editor if perti- 
nent, manual title, and relevant volume, chapter, 
and/or page numbers. Do not list private com- 
munications among Literature Cited. Insert them 
parenthetically within the text, including author, 
date, and professional or university affiliation in- 
dicating author’s area of expertise. 


The Journal welcomes brief papers reporting monitor- 
ing data of a preliminary nature or studies of limited 
scope. A section entitled Briefs will be included as 
necessary to provide space for short papers which pre- 
sent timely and informative data. These papers must be 
limited to two published pages (850 words) and should 
conform to the format for regular papers accepted by 
the Journal. 


Manuscripts require approval by the Editorial Advisory 
Board. When approved, the paper will be edited for 


clarity and style. Editors will make the minimum 
changes required to meet the needs of the general 
Journal audience, including international subscribers 
for whom English is a second language. Authors of 
accepted manuscripts will receive edited typescripts for 
approval before type is set. After publication, senior 
authors will receive 100 reprints. 


Manuscripts are received and reviewed with the under- 
standing that they have not been accepted previously 
for publication elsewhere. If a paper has been given 
or is intended for presentation at a meeting, or if a 
significant portion of its contents has been published 
or submitted for publication elsewhere, notations of 
such should be provided. Upon acceptance, the original 
manuscript and artwork become the property of the 
Pesticides Monitoring Journal. 


Every volume of the Journal is available on microfilm. 
Requests for microfilm and correspondence on editorial 
matters should be addressed to: 


Paul Fuschini (TS-793) 

Editorial Manager 

Pesticides Monitoring Journal 

U.S. Environmental Protection Agency 
Washington, D.C. 20460 


For questions concerning GPO subscriptions and back 
issues write: 


Superintendent of Documents 
U.S. Government Printing Office 
Washington, D.C. 20402 
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